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Francis  S. Johnson 
Southwest Center f o r  Advanced S tud ie s  

Da l l a s ,  Texas 

ABSTRACT 

Mariner I V  da t a  on t h e  Martian ionosphere have been va r ious ly  

F1, and F regions.  Problems e x i s t  with i n t e r p r e t e d  i n  terms of E ,  

each of the i n t e r p r e t a t i o n s  t h a t  w i l l  not  l i k e l y  be resolved without 

a d d i t i o n a l  observat ions.  The d a t a  t h a t  can be expected t o  be obtained 

from t h e  Mariner 1969 mission may resolve the quest ion of t h e  appropr i a t e  

i n t e r p r e t a t i o n ,  bu t  d e t a i l e d  quest ions w i l l  c e r t a i n l y  remain - f o r  ex- 

ample, r e l a t i n g  t o  l a t i t u d i n a l  v a r i a t i o n s .  Therefore ,  o r b i t e r s  should 

be emphasized over fly-bys i n  f u t u r e  missions,  a s  t h e i r  da t a  r e t u r n  

should f a r  exceed t h a t  of  f ly-bys and permit f a r  more accu ra t e  descr ip-  

t i o n  of t h e  Martian atmosphere. 
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The Mariner I V  o c c u l t a t i o n  experiment provided va luable  d a t a  on the  

atmosphere of Mars, bu t  i t  has a l s o  l e f t  room f o r  a wide range of specu- 

l a t i o n ,  p a r t i c u l a r l y  r e l a t i v e  t o  the  ionosphere.  The main conclusions 

from Mariner I V  concerning the  Martian ionosphere a r e  t h a t  t h e  a l t i t u d e  

of t he  i o n i z a t i o n  peak i s  much lower than  expected,  t he  r a t e  of  decrease 

of i o n i z a t i o n  above the  peak i s  s u r p r i s i n g l y  r a p i d ,  and the  maximum ion  

concent ra t ion  i s  l e s s  than was a n t i c i p a t e d  (Kliore  e t  a l . ,  1965). The 

ionosphere has  been i n t e r p r e t e d  va r ious ly  a s  analogous t o  the  e a r t h ' s  E ,  

F1, and F 

proposed f o r  each of t hese  analogues. These models involve n e u t r a l  atmospheric 

p a r t i c l e  concent ra t ions  a t  t he  i o n i z a t i o n  peak of approximately 5 x 10 

3 x and 2 x 10 cm , r e spec t ive ly .  The range of specu la t ion  i s  

ind ica t ed  i n  Figure 1, where temperature p r o f i l e s  appropr ia te  t o  s e v e r a l  

of the  models a r e  ind ica t ed .  

a r e  ind ica t ed  i n  Figure 2. The E model i s  t h a t  of Chamberlain and McElroy 

(1966) f o r  which the  assumed atmospheric composition i s  44% CO and 56% N 

Two F2 models a r e  shown, the  s o l i d  l i n e  i n d i c a t i n g  t h a t  of Johnson (1965) 

and the  dashed l i n e  t h a t  o f  Fjeldbo,  Fjeldbo,  and Eshleman (1966); both of 

these  models a r e  f o r  nea r ly  pure CO atmospheres wi th  atomic oxygen the  2 

p r i n c i p a l  c o n s t i t u e n t  i n  t h e  upper atmosphere. 

nea r ly  pure C02 atmosphere. 

r eg ions ,  and i n  f a c t  two o r  more d i f f e r e n t  models have been 2 

1 2  , 
9 -3  

The corresponding atmospheric dens i ty  p r o f i l e s  

2 '  2 

B 

The F1 model i s  a l s o  f o r  a 

The F2 models o f f e r  l i t t l e  i n  the  way of j u s t i f i c a t i o n  f o r  t he  low 

temperature thermosphere which cha rac t e r i zes  them; the  low temperature i s  

a conclusion reached on t h e  b a s i s  of a p a r t i c u l a r  assumption a s  t o  the  

2 physics  t h a t  c o n t r o l s  the  i o n  peak. The s t r o n g e s t  argument a g a i n s t  F 

i n t e r p r e t a t i o n s  i n  genera l  i s  t h a t  c a l c u l a t i o n s  of .the temperature d i s t r i -  
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bu t ion  on t h e  b a s i s  o f  r a d i a t i o n  exchange, such as those made by Chamberlain 

and McElroy (1966) and Gross,  McGovern, and Rasool (1966), i n d i c a t e  that  the 

upper thermosphere should reach temperatures i n  t h e  v i c i n i t y  of  400 K o r  

higher .  

0 

The F2 model of Johnson (1965) s u f f e r s  t he  a d d i t i o n a l  l i m i t a t i o n  t h a t  

l abo ra to ry  d a t a  (Fehsenfeld e t  a l . ,  1966) i n d i c a t e  t h a t  t h e  r e a c t i o n ,  

4- 
0 -I- GO2 -3 0; 4- co y 

proceeds so  r a p i d l y  t h a t  t h e  development of an F region would be completely 

suppressed with t h e  re la t ive  composition assumed i n  the  model. This d i f f i -  

c u l t y  i s  avoided i n  the  model o f  Fjeldbo e t  a l .  (1966) by the assumption 

of  a very cold region between 60 and 80 km (see Figure l), which reduces 

2 

t h e  CO concen t r a t ions  

the  e x i s t e n c e  of  a n  F2 

The E models tend 

2 a t  h ighe r  l e v e l s  t o  a s u f f i c i e n t  degree t o  permit 

region. 

t o  f a l l  a t  t he  o t h e r  extreme from the  F models. 2 

The E d i s t r i b u t i o n  i n  Figure 1 shows the  temperatures ca l cu la t ed  f o r  the 

region above 150 km by Chamberlain and McElroy (1966), which they joined 

t o  a temperature model ca l cu la t ed  by Prabhakara and Hogan (1965) f o r  the 

region below 150 km; a s  mentioned above, t h i s  p a r t i c u l a r  model assumed a 

composition of  44% GO2 and 56% N2.  

model was the  requirement t h a t  t h e  atmosphere be w e l l  mixed up t o  190 km 

i n  order  t o  maintain a composition d i s t r i b u t i o n  t h a t  would suppress the  

formation of a n  F region; t h i s  would r e q u i r e  a ra te  of eddy mixing of  about 

2 x 10 c m  /sec i n  o rde r  t o  counteract  t h e  e f f e c t s  of molecular d i f f u s i o n  

which tend t o  allow t h e  va r ious  atmospheric c o n s t i t u e n t s  t o  d i s t r i b u t e  

A f e a t u r e  of t h i s  p a r t i c u l a r  E region 

8 2  
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themselves according t o  t h e i r  own molecular weights.  

t h a t  would be a s soc ia t ed  with such a rap id  r a t e  of  eddy mixing completely 

i n v a l i d a t e s  t he  c a l c u l a t e d  temperature p r o f i l e ,  which d i d  no t  take  such 

eddy t r a n s p o r t  i n t o  account.  Recent ly ,  McElroy ( p r i v a t e  communication) 

has suggested t h a t  r a d i a t i o n  e f f e c t s  assoc ia ted  wi th  the  eddy motion might 

i n  l a r g e  degree cance l  the  e f f e c t  of eddy hea t  t r a n s f e r  over  a l a r g e  a l t i t u d e  

reg ion ,  so  the  importance of eddy t r a n s p o r t  i n  c a l c u l a t i n g  temperature pro- 

f i l e s  from h e a t  balance cons ide ra t ions  might be small .  It seems l i k e l y  

t h a t  such r a d i a t i o n  e f f e c t s  can be important only when the  o p t i c a l  depth i s  

sma l l ,  s o  t h a t  t h e r e  can be r a d i a t i o n  exchange with the  environment e x t e r n a l  

t o  the  p l ane t  r a t h e r  than with t h e  immediately surrounding environment. 

Fu r the r ,  t he  time cons t an t  f o r  e q u i l i b r a t i o n  by r a d i a t i o n  exchange would 

have t o  be s h o r t  compared t o  the  l i f e t i m e s  of t u rbu len t  eddies .  These l a t t e r  

a r e  not  known but  a r e  probably l e s s  than 10 seconds; t h i s  would correspond 

t o  eddies  of s c a l e  s i z e  l e s s  than 5 km and an eddy mixing c o e f f i c i e n t  of 

8 2  2 x 10 cm / sec .  

The h e a t  t r a n s p o r t  

3 

Since s c a l e  s i z e s  a r e  not  a p t  t o  be l a r g e r  than 5 km 

( the  s c a l e  he igh t  i s  about 10 km), 

s h o r t e r  than 10 s e c ,  perhaps l e s s  

cons tan ts  would have t o  be s h o r t e r  

3 

the  eddy time cons t an t s  a r e  probably 

than 10 s e c ,  and the  r a d i a t i v e  time 

than t h i s  i f  r a d i a t i o n  i s  t o  cancel  t he  

2 

eddy h e a t  t r a n s p o r t .  Since the  r a d i a t i v e  time cons t an t s  may be q u i t e  s h o r t  

i n  an atmosphere t h a t  i s  not  d i l u t e d  with an i n f r a r e d  i n e r t  gas ,  t he  r e s t r i c -  

t i o n  ind ica ted  by the  eddy t r a n s p o r t  cons idera t ion  may not  be v a l i d .  

Models based on an E region i n t e r p r e t a t i o n  may r equ i r e  average tempera- 

t u r e s  below 100 km t h a t  a r e  g r e a t e r  than those ca l cu la t ed  on the  bas i s  of 

r a d i a t i v e  equi l ibr ium. The molecular weight assumed f o r  the  E model shown 

i n  Figure 1 i s  35, whereas t h e  o c c u l t a t i o n  d a t a  f o r  t h e  lower atmosphere 
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i n d i c a t e  a h e a v i e r  molecular weight,  a value of 44 c h a r a c t e r i s t i c  of a 

nea r ly  pure CO atmosphere being favored by the  o c c u l t a t i o n  r e s u l t s .  

Spectroscopic d a t a  a l s o  i n d i c a t e  a nea r ly  pure CO 

molecular weight i s  4 4 ,  t h e  temperatures below 120 km must be increased by 

a f a c t o r  1.25 over  those a s soc ia t ed  with molecular weight 35 i n  order  t o  

2 

atmosphere. I f  t he  2 

preserve t h e  d e n s i t i e s  required a t  120 km f o r  any p a r t i c u l a r  model. 

Temperatures 1.25 t i m e s  g r e a t e r  than those ind ica t ed  i n  Figure 1 f o r  

t he  E model seem t o  be too  high t o  be e a s i l y  acceptable  from an energy balance 

viewpoint. Other E models may of course avoid the p a r t i c u l a r  d i f f i c u l t i e s  

of the E region model i nd ica t ed  i n  Figure 1, but E models i n  general  a r e  

a p t  t o  r e q u i r e  u n a t t r a c t i v e l y  high temperatures below 100 km, o r  a s u b s t a n t i a l  

proport ion of a l i g h t  c o n s t i t u e n t  t o  reduce the molecular weight, i n  o rde r  

t o  maintain s u f f i c i e n t l y  high atmospheric d e n s i t y  a t  t he  a l t i t u d e  of t he  

i o n i z a t i o n  peak. 

The in t e rmed ia t e  p o s s i b i l i t y  f o r  i n t e r p r e t a t i o n  of  the Martian iono- 

1 sphere i s  t h a t  i t  is  analogous t o  a n  F region. The i o n i z a t i o n  s c a l e  

h e i g h t  above t h e  peak for: an F1 region i s  r e l a t e d  t o  t h e  ion izab le  con- 

s t i t u e n t ,  and not  n e c e s s a r i l y  t o  t h e  predominant i on ,  s i n c e  chemical r eac t ions  

may quickly change the  ion produced by t h e  photoionizat ion t o  another  species. 

Therefore t o  s a t i s f y  t h e  requirements of an F model with a warm thermosphere, 

i t  i s  necessary t h a t  t he  ion izab le  c o n s t i t u e n t  have a l a r g e  molecular weight, 

p re fe rab ly  as high a s  C02; atomic oxygen i n  an isothermal  F 

l e a d  t o  t h e  same temperature requirement as an F i n t e r p r e t a t i o n .  Further  

Gross, McGovern, and Rasool (1966) have drawn a t t e n t i o n  t o  the  f a c t  t h a t  a 

r i se  i n  temperature with h e i g h t  through t h e  ionospheric  region would lead 

t o  a reduct ion of the i o n i z a t i o n  s c a l e  he igh t  above the  peak, and Donahue 

1 

region would 1 

2 
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( p r i v a t e  communication) has  noted t h a t  t he  temperature d i s t r i b u t i o n  calcu-  

l a t e d  by Chamberlain and McElroy f o r  t h e  thermosphere i s  c o n s i s t e n t  with a n  

F i n t e r p r e t a t i o n .  The model i nd ica t ed  F i n  Figure 1 i l l u s t r a t e s  t h i s  

concept. 

ca l cu la t ed  by Chamberlain and McElroy f o r  t he  44% C 0 2  atmosphere, adjusted 

s o  t h a t  t h e  same temperatures occur a t  t h e  same CO concentrat ions.  The 

temperature a t  t h e  i o n i z a t i o n  peak i s  275 K,  h ighe r  than the  235 t h a t  

would be required f o r  a n  isothermal  F region i n  a GO atmosphere; t he  

s c a l e  h e i g h t  g r a d i e n t  i s  s u f f i c i e n t  t o  br ing the  i o n i z a t i o n  s c a l e  he igh t  

down near  t he  value observed i n  Mariner I V .  I n  t h i s  model, t h e  temperature 

below 100 km has been a r b i t r a r i l y  lowered s o  a s  t o  produce the required 

concentrat ion of about 3 x 10 / c m  a t  t he  i o n i z a t i o n  peak; t he  only ; u s t i -  

f i c a t i o n  t o  be o f f e red  f o r  t h i s  r educ t ion  i n  temperature below the calcu- 

l a t e d  values  i s  t h a t  eddy t r a n s f e r  might a c t  t o  cool much of t h i s  atmospheric 

region by t r a n s f e r r i n g  h e a t  downward. I f  McElroy's conclusion t h a t  radia-  

t i o n  e f f e c t s  a s soc ia t ed  with eddy t r a n s f e r  can cancel  the eddy t r a n s p o r t  

of  hea t  a p p l i e s  through t h i s  r eg ion ,  then i t  must be admitted t h a t  t he  F 

model r e q u i r e s  temperatures t h a t  a r e  t o o  cold from a h e a t  balance viewpoint, 

This p o s s i b l e  discrepancy appears a t  i t s  worst t o  be no more severe than t h a t  

a s soc ia t ed  with t h e  E region i n t e r p r e t a t i o n ,  p a r t l y  because, a t  t he  high 

l a t i t u d e  winter  l o c a t i o n  a t  which t h e  o c c u l t a t i o n  took p l ace ,  the temperature 

should be lower than ind ica t ed  by t h e  energy balance c a l c u l a t i o n s  of  Prabhakara 

and Hogan, and p a r t l y  because any d i s t o r t i o n  of t he  temperature d i s t r i b u t i o n ,  

ca l cu la t ed  on t h e  b a s i s  of r a d i a t i v e  h e a t  balance,  due t o  the e f f e c t s  of 

eddy t r a n s p o r t  should be i n  the d i r e c t i o n  of producing a coo le ruppe r  

atmosphere. 

1 1 

It is drawn f o r  a pure GO2 atmosphere and uses the temperatures 

2 
0 0 

1 2 

10 3 

1 
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The ques t ion  of water vapor on Mars i s  a l s o  r e l e v a n t  t o  t h e  ionospheric  

If t h e  atmospheric water vapor content  i s  14 microns, as  ind ica t ed  problem. 

by Kaplan, Munch and Spinrad (1966) and by Shorn e t  a l .  (1967), and i f  t h i s  

i s  uniformly mixed through an approximately 10-km t h i c k  l a y e r  i n  t h e  tropo- 

sphere,  the concen t r a t ion  would be 5 x molecules/cm , and the  f r o s t  

p o i n t  would be near  200 K. 

-4  sphere would then produce clouds.  The mixing r a t i o  would be near  2 x 10 , 

I n  gene ra l ,  of  t h e  va r ious  models t h a t  have been considered,  only the  E 

region models have involved temperature d i s t r i b u t i o n s  t h a t  a r e  c o n s i s t e n t  

w i t h  the  claimed water con ten t  of t h e  atmosphere and t h e  absence of dense 

white clouds.  The presence i n  the  photochemical region of water vapor o r  

i t s  decomposition products i n  r e l a t i v e  concentrat ions near  2 x 10 i s  

probably a s i g n i f i c a n t  f a c t o r  t o  t ake  i n t o  account i n  connection w i t h  the 

photochemistry and the r a d i a t i v e  h e a t  balance,  bu t  s o  f a r  t h i s  has not  been 

done. 

3 

0 Temperatures much lower than 200°K i n  the  tropo- 

- 4  

It i s  c l e a r  from the foregoing t h a t  t h e r e  i s  a wide d i v e r s i t y  of opinion 

concerning t h e  probable na tu re  of t he  Martian ionosphere. This ma t t e r  i s  not 

a p t  t o  be resolved u n t i l  more da t a ,  and d i f f e r e n t  types of d a t a ,  a r e  obtained 

f o r  t he  upper atmosphere. Espec ia l ly  valuable  would be the  a l t i t u d e  d i s t r i -  

but ion of s e v e r a l  a i rglow emissions,  e s p e c i a l l y  resonance r a d i a t i o n  from 

atomic oxygen. This can  provide independent information on t h e  temperature 

of the upper thermosphere, and i t  w i l l  a s s i s t  i n  i d e n t i f y i n g  t h e  c o n t r o l l i n g  

physics and chemistry of  t h e  ionosphere. 

Espec ia l ly  important i n  regard t o  t h e  c o l l e c t i o n  of  new da ta  i s  t h e  

re la t ive r o l e s  of f ly-bys and o r b i t e r s .  So f a r  as many measurements a r e  

concerned - o c c u l t a t i o n  measurements included - a fly-by provides roughly the  
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equ iva len t  of a rocke t  sounding i n  the  e a r t h ' s  atmosphere, 

on the  o t h e r  hand, i s  b e t t e r  compared w i t h  a n  e a r t h  s a t e l l i t e ,  where many 

measurements can be obtained from a s i n g l e  f l i g h t .  One would not  s e r i o u s l y  

e n t e r t a i n  the  thought of mapping the  e a r t h ' s  atmosphere above 200 km by 

means of a series of hundreds of rocke t  f l i g h t s ;  i n s t e a d ,  a s a t e l l i t e  is 

much more e f f i c i e n t  f o r  t h i s  purpose. On Mars, w e  a r e  faced by a s i m i l a r  

need f o r  many measurements and mapping, t h i s  c l e a r l y  i n d i c a t e s  t he  need t o  

emphasize o r b i t e r s  over  f ly-bys.  The d i f f e r e n t i a l  c o s t  between a fly-by 

and an o r b i t e r  i s  not l a r g e  i n  a r e l a t i v e  sense - un l ike  the  comparison 

between rockets  and sa te l l i t es  on e a r t h  where the  c o s t  r a t i o  i s  about 100 

o r  more - and t h i s  makes it a l l  the more e s s e n t i a l  t h a t  o r b i t e r s  be used 

r a t h e r  than  f ly-bys.  Radar mapping o r  repeated o c c u l t a t i o n  experiments could 

give some i n d i c a t i o n  of su r face  topography a s  wel l  a s  su r face  pressure  - a t  

a time when f u r t h e r  su r face  p re s su re  measurements a r e  not  a p t  t o  be of any 

g r e a t  s i g n i f i c a n c e  un le s s  coupled with topographic information ( i .  e .  geo- 

c e n t r i c  d i s t ance ) .  Repeated o c c u l t a t i o n  and airglow measurements, and 

probably o t h e r  phys i ca l  measurements i n  a d d i t i o n ,  w i l l  be required t b  pro- 

v ide  t h e  requi red  ionospheric  da t a  t h a t  w i l l  be much more d e f i n i t i v e  than 

the p r e s e n t l y  a v a i l a b l e  da t a .  

success fu l ,  important  ques t ions ,  such a s  those of geographic v a r i a t i o n ,  

w i l l  remain t h a t  w i l l  be answered only by an o r b i t e r ,  o r  by an u n r e a l i s t i c a l l y  

l a r g e  number of a d d i t i o n a l  fly-bys. 

An o r b i t e r ,  

Even i f  t h e  Mariner fly-by i n  1969 i s  h ighly  

This work was supported by Nat ional  Aeronautics and Space Adminis t ra t ion 

g ran t  NsG-269. 



FIGURE CAPTIONS 

Figure 1. Temperature distributions suggested for the Martian 

F1, and F atmosphere on the basis of E, 

Martian ionosphere. 

(1966). 

The F2 model, solid line, is that of Johnson (1965). 

interpretations of the 

The E model is that of Chamberlain and McElroy 

2 

The F2 model, dashed line, is that of Fjeldbo et al. (1966). 

Figure 2. Particle concentration distributions suggested for the 

Martian atmosphere for the temperature distributions indicated in 

Figure 1. 
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